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Air compressors and auxiliary
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aftercoolers, 11-12
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air intakes, 11-8 to 11-11
air for pneumatic tools, 11-4
air discharge systems, 11-13
auxiliary equipment, 11-8 to 11-23
breathing air, 11-3 to 11-4
commerc ia l  a ir ,  11-3
compressors, 11-5 to 11-8
controls, 11-17 to 11-20
distribution system maintenance,

11-27
distribution systems, 11-23 to 11-26
dryers, 11-15
high-pressure systems, 11-2
high-pressure air systems,

11-4 to 11-5
instrument and control air, 11-4
intake filters, 11-11
intercoolers, 11-12
lubrication, 11-15 to 11-16
maintenance, 11-27
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Air conditioning and refrigeration,
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capacitor-start, capacitor-run,

14-16 to 14-17
capacitor-start, induction-run, 14-16
capacitor test, 14-25
cascade system, 14-6 to 14-7
compound system, 14-7 to 14-9
compressors, 14-11
condensers, 14-9
equipment and test procedures for

electrical circuit components,
14-18 to 14-25

electrical troubleshooting,
14-18 to 14-21

evaporators, 14-10 to 14-11
grounded windings, 14-20 to 14-21
heat load calculations and air

movement, 14-1 to 14-3
hermetic electrical schematic wiring

diagrams, 14-25 to 14-26
hot and chilled water, 14-1
mechanical component selection,

14-9 to 14-16
megohmmeter (high-resistance) test

procedure, 14-21
multistage refrigeration system, 14-6

to 14-9
ohmmeter continuity test procedure,

14-18 to 14-20
overload protectors, 14-23
permanent split-phase 14-17
receivers and accumulators,

14-14(B) to 14-15
refrigerant lines and piping,

14-12(A) to 14-12(B)
run capacitors, 14-23
systems, 14-3 to 14-9
selection and installation of an air-

conditioning system, 14-1 to 14-3
shorted windings, 14-19 to 14-20
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single-phase hermetic motor
windings, 14-16 to 14-18
start capacitors, 14-23
thermal expansion valve, 14-14(A)
thermal expansion valve adjustment,

14-14(A)
single-phase hermetic motors, 14-16
split-phase, 14-17
spray system, 14-6
starting relays, 14-21 to 14-22
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thermoelectric refrigeration system,
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instrument and control air, 11-4
medical air, 11-4
oil, 11-3
pesticides, 16-3
specific air quality requirements,

11-3 to 11-5
water, 11-3

Alternative water sources, 9-13 to 9-14
Asbestos, 16-2
As-built drawings, 4-13
Automatic sprinkler system
characteristics, 8-1 to 8-18

combined, 8-9
dry pipe, 8-2 to 8-7
pre-action, 8-8 to 8-9
sprinkler system detection and

indicating devices and fittings,
8-12 to 8-18

supervisory alarm initiating devices,
8-15 to 8-18

types of sprinklers, 8-9 to 8-12

types of sprinkler systems, 8-1 to 8-9
water deluge, 8-7 to 8-8
water-flow actuated detectors, 8-12

to 8-15
wet pipe, 8-1
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Balancing duct systems, 13-10 to 13-16

air balancing instruments, 13-10 to
13-13

duct and outlet adjustments, 13-16
manometer, 13-12 to 13-13
miscellaneous instruments, 13-13
preparation for balancing, 13-13 to

13-14
procedures for balancing, 13-14 to

13-16
rotating vane anemometer, 13-13
velometer, 13-11 to 13-12

Bill of material, 4-5 to 4-6
Block diagrams, 4-7
Blueprint reading and technical

drawings, 4-1 to 4-19
as-built drawings, 4-13
bill of material, 4-5 to 4-6
block diagrams, 4-7
blueprint language, 4-2 to 4-6
blueprint reading, 4-1 to 4-2
chapter references, 4-19
connection diagrams, 4-8
construction drawings, 4-5
development of construction

drawings, 4-1
electrical symbols and abbreviations,

4-3
electrical wiring and mechanical

diagrams, 4-6 to 4-10
electronic symbols and diagrams,

4-11 to 4-18
exterior elevation drawings, 4-5
floor plan, 4-5
interior elevation drawings, 4-5
isometric wiring diagrams, 4-7
plot plan, 4-5
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preliminary drawings, 4-1
presentation drawings, 4-1
schedules, 4-13
schematic/single-line diagrams,

4-8 to 4-10
sectional or detail drawings, 4-5
shop working drawings, 4-1
specifications, 4-13
types and weights of lines

on drawings, 4-2 to 4-3
wiring diagrams, 4-7 to 4-8
working sketch, 4-11 to 4-12

Boilers, 12-1 to 12-43
accessories, 12-2 to 12-5
blowoff valves, 12-26
boiler room, 12-2
boiler auxiliaries, 12-27
boiler safety and water-pressure

relief valves, 12-26 to 12-27
boiler foundation, 12-1 to 12-2
care of boilers firesides,

12-39(C) to 12-40
care of boiler watersides,

12-40 to 12-41
carry-over-foaming and priming,

12-35 to 12-36
chemical makeup of water, 12-31
chemical treatment determination,

12-36 to 12-37
chemical treatment (external and

internal), 12-31
controls, 12-24
corrosion, 12-35
fittings, 12-6 to 12-9
hydrostatic tests, 12-13 to 12-14
installation of boilers, 12-1 to 12-9
internal treatment and prevention,

12-31 to 12-37
laying up a boiler by the dry

method, 12-42
laying up a boiler by the wet

m e t h o d ,  1 2 - 4 2
laying up idle boilers, 12-41 to 12-42
location, 12-1

logs, 12-28 to 12-39
maintenance, 12-37 to 12-42
maintenance programs, 12-37 to

12-39(C)
operator maintenance, 12-38
operators, 12-27 to 12-29
plant operation, 12-27 to 12-37
plant supervisor, 12-30
pressure-reducing valves, 12-26
prevention and treatment for oxygen

corrosion, 12-35
prevention and treatment for scale

control, 12-33 to 12-34
prevention and treatment for sludge

control, 12-34
prevention and treatment for carry-

over foaming and priming, 12-36
preventive maintenance, 12-38
refractory inspection, 12-14 to 12-16
scale, 12-31 to 12-33
site selection, 12-1 to 12-2
sludge, 12-34
steam and water  p ip ing ,  12 -25
stop and check valves, 12-26
turnover/watch relief, 12-29
water columns and gauge glasses,

12-25
water chemistry, 12-30

Boiler inspection, 12-10
exterior of drums and headers,

12-24
firesides, 12-14 to 12-24
five-year inspection, 12-14
operational tests, 12-24 to 12-27
protection, seal, and support plates,

12-24
tube inspection, 12-16 to 12-24
uptakes and smoke pipes, 12-24
waterside boiler tubes, 12-10 to

12-12
waterside drums and headers. 12-13
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C
Capacitors, 14-23
cesspools, 10-34 to 10-37
Characteristics of sewage, 10-3 to 10-8

bacteria, 10-8
biological characteristics, 10-8
chemical characteristics, 10-5 to 10-8
color, 10-3
dissolved oxygen, 10-6 to 10-7
nutrients, 10-7
odor, 10-4
oxygen demand, 10-7
parasites, 10-8
pH, 10-5 to 10-6
physical characteristics, 10-3 to 10-5
solids, 10-4 to 10-5
temperature, 10-3
toxic chemicals, 10-7 to 10-8
viruses, 10-8
wastewater composition, 10-3

Chemical characteristics of water, 9-16
to 9-19

dissolved gases, 9-18 to 9-19
hardness, 9-16 to 9-18
sizing distribution systems, 11-23

Condensers, 14-9
Connection diagrams, 4-8
Corrosion prevention and protection,

7-19 to 7-25
asphalt, 7-24
bacterial organisms, 7-23
coal tar, 7-24
coatings and wrappings, 7-24 to 7-25
compositional, 7-22
concrete, 7-24 to 7-25
corrosion caused by electrolytes,

7-23
corrosion caused by non-
electrolytes, 7-22 to 7-23
grease, 7-24
localized, 7-20 to 7-22
metallic, 7-25
paint, 7-24
plastic wrapping, 7-25

types of corrosion, 7-20 to 7-23

D
Development of water sources,

9-7 to 9-14
water sources, 9-13 to 9-14
groundwater development, 9-10 to

9-13
surface water development, 9-7 to

9-10
Disposing of and monitoring sewage

effluents, 10-27 to 10-31
direct discharge to receiving water,

10-27 to 10-28
discharge for land application

(irrigation), 10-28 to 10-29
discharge for recycling, 10-28
effluent discharge methods, 10-27
evaporation and percolation basins,

10-39 to 10-30
methods of disposing sewage

effluents, 10-27 to 10-31
troubleshooting, 10-30 to 10-31

Distillation, water treatment equipment,
9-23 to 9-26

installation, 9-25
theory of operation, 9-23 to 9-24

Dry chemical extinguishing systems, 8-33
to 8-35

system components, 8-35
types of systems, 8-34 to 8-35

Duct and ventilation systems, 13-1 to
13-18

air balancing instruments, 13-10 to
13-16

balancing duct systems, 13-10 to
13-16

determine fan performance, 13-14
to 13-26

duct and outlet adjustments, 13-16
duct systems, 13-1 to 13-10
duct construction, 13-6 to 13-9
fiber glass duct, 13-7 to 13-9
manometer, 13-12 to 13-13

INDEX-4



mechanical ventilation, 13-18
miscellaneous instruments, 13-13
natural ventilation, 13-17 to 13-18
preparation for balancing, 13-13 to

13-14
procedure for balancing, 13-14 to

13-16
rectangular duct, 13-7
rotating van anemometer, 13-13
round duct, 13-6 to 13-7
sizing duct systems, 13-9 to 13-10
types of duct systems, 13-3 to 13-6
velometer, 13-11 to 13-12
ventilation systems, 13-16 to 13-18

Duct construction, 13-6 to 13-9
fiber glass duct, 13-7 to 13-9
rectangular duct, 13-7
round duct, 13-6 to 13-7

Duct systems, 13-1 to 13-10
duct construction, 13-6 to 13-9
fiber glass duct, 13-7 to 13-9
rectangular duct, 13-7
round duct, 13-6 to 13-7
sizing duct systems, 13-9 to 13-10
types of duct systems, 13-3 to 13-6

E
Electrical symbols and abbreviations, 4-3

to 4-5
electrical operation, 4-8 to 4-10

Electrical wiring and mechanical
diagrams, 4-6 to 4-9

block diagrams, 4-7
connection diagrams, 4-8
isometric wiring diagrams, 4-7
schematic/single-line diagrams, 4-8

to 4-9

wiring diagrams, 4-7 to 4-8
Electronic symbols and diagrams, 4-12
Environmental pollution control, 16-1 to

16-3
air pollution, 16-2 to 16-3
asbestos, 16-2
water and ground pollution,

16-1 to 16-2
pesticides, 16-3
refrigerants, 16-3

F
Fire protection system, 8-1 to 8-35

advantages/disadvantages of CO2

systems, 8-26
alarm check valves, 8-20 to 8-21
alarm systems, 8-32
automatic sprinklers, 8-20
automatic sprinkler system
characteristics, 8-1 to 8-18
carbon dioxide systems, 8-24 to 8-27
carbon dioxide low-pressure

systems, 8-31 to 8-32
cathodic protection equipment, 8-23

to 8-24
combined system, 8-9
deluge and pre-action valves, 8-23
detection and indicating devices,

8-12 to 8-18
dry chemical extinguishing systems,

8-33 to 8-35
dry pipe system, 8-2 to 8-7
gaseous extinguishing systems, 8-24

to 8-33
gaseous extinguishing system alarm

systems, 8-29 to 8-30
halogenated systems, 8-32
halogenated gas systems, 8-28 to

8-29
halon, 8-28 to 8-29
high-pressure systems, 8-25
high-speed suppression systems,

8-24
initiating devices, 8-30
inspection, testing, and maintenance

requirements, 8-18 to 8-24
inspection and testing, 8-19 to 8-24
inspection, testing, and maintenance

of gaseous systems, 8-30 to 8-33
local application systems, 8-28
low-pressure systems, 8-25 to 8-26
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maintenance requirements, 8-24
nonfreeze systems, 8-24
nozzles, 8-27
obstructed piping, 8-20
outside open sprinklers, 8-20
piping, 8-26 to 8-27
pre-action system, 8-8 to 8-9
release devices and auxiliary

functions, 8-32
sequence of alarms, 8-30
supervisory alarm initiating devices,

8-15 to 8-18
total flooding systems, 8-27
types of systems, 8-34 to 8-35
water deluge system, 8-7 to 8-8
water supply requirements, 8-18
water-flow actuated detectors, 8-12

to 8-15
wet pipe system, 8-1

G
Galvanic cathodic protection, 7-25 to

7-28
buried pipe locator, 7-27
field test equipment for cathodic

protection, 7-26 to 7-28
galvanic anode method, 7-26
impressed current method, 7-26
maintenance of anode systems, 7-28
maintenance of impressed current

systems, 7-28
methods of galvanic cathodic

protection, 7-25 to 7-26
multicombination meter, 7-26 to

7-27
protective coating leak detector,

7-27 to 7-28
resistivity instruments, 7-27
volt-millivoltmeter, 7-26

Groundwater development, 9-10 to 9-13

H
Halon, 8-28 to 8-29

Helical screw compressors, 11-8
Hermetic electrical schematic wiring

diagrams, 14-25 to 14-27
High-pressure systems, 11-2

I
Inspection and testing fire protection

systems, 8-18 to 8-24
Installation of boilers, 12-1 to 12-10

boiler room, 12-2
boiler foundation, 12-1 to 12-2
location, 12-1
site selection, 12-1 to 12-2

Isometric wiring diagrams, 4-7

L
Laying up idle boilers, 12-41 to 12-43

dry method, 12-42 to 12-43
wet method, 12-42

Leaching fields, 10-37 to 10-39
Low-pressure systems, 11-2

M
Maintenance, boilers, 12-37 to 12-39C
Maintenance of anode systems, 7-28
Maintenance of impressed current

systems, 7-28
Maintenance requirements, compressed

air systems, 11-26 to 11-27
air compressor maintenance, 11-27
auxiliary equipment maintenance,

11-27
distribution system maintenance,

11-27
prime mover maintenance, 11-27

Maintenance requirements, fire
protection systems, 8-24

O
Open windings, 14-18 to 14-19

ohmmeter continuity test
procedures, 14-18 to 14-19

test lamp continuity check
procedure, 14-19
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voltmeter test procedure, 14-19
Overload protectors, 14-23

P
Pesticides, 16-3
Planning, estimating, and sizing
plumbing systems, 7-1 to 7-28

grading, 7-3 to 7-4
installation considerations, 7-9
offsets on drainage piping, 7-6
piping and fitting general

requirements, 7-17 to 7-19
sanitary systems, 7-2 to 7-9
sizing individual waste lines,

7-6 to 7-8
sizing cold-water supply systems,

7-11
sizing sanitary collecting sewers, 7-8

to 7-9
sizing building storm drains, 7-9 to

7-10
sizing hot-water supply systems, 7-11

to 7-17
sizing site storm sewers, 7-10
sizing stacks and branches, 7-5 to

7-6
sizing the stacks, 7-6
sizing building drains, 7-4 to 7-5
storm drainage systems, 7-9 to 7-10
water supply systems, 7-10 to 7-19

Procedures for balancing, 13-14 to 13-16
duct and outlet adjustments,

13-16

R
Receivers and accumulators, 14-14 to

14-16
Reciprocating air compressors, 11-5
Refrigerant capacity controls, 14-14
Refrigerant lines and piping, 14-12 to

14-14

S
Sanitary systems, 7-2 to 7-9

grading, 7-3 to 7-4
offsets on drainage piping, 7-6
sizing building drains, 7-4 to 7-5
sizing individual waste lines,

7-6 to 7-8
sizing sanitary collecting sewers,

7-9 to 7-9
sizing stacks and branches, 7-5 to

7-6
sizing the stack, 7-6

Schematic/singleline diagrams, 4-8 to 4-9
Septic tanks, 10-32 to 10-34
Septic tanks, cesspools, and leaching

fields, 10-32 to 10-39
cesspools, 10-34 to 10-37
leaching fields, 10-37 to 10-39
septic tanks, 10-32 to 10-34

Sewage sampling, 10-8 to 10-13
composite samples, 10-9
flow-proportional samples, 10-9 to

10-12
identifying samples, 10-13
grab sampling, 10-8 to 10-9
representative sampling, 10-8
sample stowage, 10-12

Sewage testing, 10-13 to 10-27
activated sludge settleability test,

10-22
alkalinity, 10-23
chemical oxygen demand (COD)

t e s t ,  1 0 - 2 2  t o  1 0 - 2 3
chlorine residual test, 10-23
dissolved oxygen test, 10-15 to 10-22
fecal coliform test, 10-23
five-day biochemical oxygen demand

(BOD5) test, 10-22
hydrogen ion concentration

(pH value) test, 10-22
laboratory equipment, 10-14 to

10-15
laboratory records, 10-23 to 10-27
mixed liquor suspended solids

(MLSS) test, 10-23
settleable solids test, 10-22
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total suspended solids test, 10-23
Sewage treatment and disposal,

10-1 to 10-39
activated sludge settleability test,

10-22
alkalinity, 10-23
bacterial, 10-8
biological characteristics, 10-8
cesspools, 10-34 to 10-37
characteristics of sewage, 10-3 to

10-8
chemical characteristics, 10-5 to 10-8
chemical oxygen demand (COD)

test, 10-22 to 10-23
chlorine residual test, 10-23

color, 10-3
composite samples, 10-9
direct discharge to receiving water,

10-27 to 10-28
discharge for land application

(irrigation), 10-28 to 10-39
discharge for recycling, 10-28
disposing of and monitoring sewage

effluents, 10-27 to 10-31
dissolved oxygen test, 10-15 to 10-22
dissolved oxygen, 10-6 to 10-7
domestic sewage, 10-1
effluent discharge methods, 10-27
evaporation and percolation basins,

10-29 to 10-30
fecal coliform test, 10-23
five-day biochemical oxygen demand

(BOD5)  tes t ,  10 -22
flow-proportional samples, 10-9 to

10-12
grab sampling, 10-8 to 10-9
hydrogen ion concentration (pH

value) test, 10-22
identifying samples, 10-13
industrial sewage, 10-1 to 10-2
laboratory equipment, 10-14 to

10-15
laboratory records, 10-23 to 10-27
leaching fields, 10-37 to 10-39

methods of disposing sewage
effluents, 10-27 to 10-31

mixed liquor suspended solids
(MLSS) test, 10-23

nutrients, 10-7
odor, 10-4
oxygen demand, 10-7
parasites, 10-8
patterns of flow, 10-3
pH, 10-5 to 10-6
physical characteristics, 10-3 to 10-5
representative sampling, 10-8
sample stowage, 10-12
septic tanks, cesspools, and leaching

fields, 10-32 to 10-39
septic tanks, 10-32 to 10-34
settleable solids test, 10-22
sewage testing, 10-13 to 10-27
sewage sampling, 10-8 to 10-13
solids, 10-4 to 10-5
source quantity variables, 10-2 to

10-3
sources of raw sewage, 10-1 to 10-3
storm water, 10-2
temperature, 10-3
total suspended solids tests, 10-23
toxic chemicals, 10-7 to 10-8
troubleshooting, 10-30 to 10-31
viruses, 10-8
wastewater composition, 10-3

Single-phase motors, 14-16
capacitor-start induction-run, 14-16

to 14-17
capacitor-start, induction-run, 14-16
permanent split,-phase, 14-17
split-phase, 14-17

Single-phase hermetic motor windings
and terminals, 14-16

Sizing duct systems, 13-9 to 13-10
Solar energy, 15-1
Solar radiation, 15-1

collecting solar energy, 15-1
storage tanks, 15-12

Solar collectors, 15-3
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air system, 15-11
covers, 15-3
evacuated tube, 15-9
flate plate, 15-9
fluids, 15-5 and 15-7
gaskets, 15-5
hot-water system, 15-12
thermosiphon systems, 15-12
space heating systems, 15-12
surfaces, 15-3
types, 15-5
water system, 15-11

Sources of raw sewage, 10-1 to 10-3
domestic sewage, 10-1
industrial sewage, 10-1 to 10-2
patterns of flow, 10-3
source quantity variables, 10-2 to

10-3
storm water, 10-2

Specific air quality requirements, 11-3 to
11-5

aircraft starting and cooling air,
11-4

air for pneumatic tools, 11-4
breathing air, 11-3 to 11-4
commercial air, 11-3
high-pressure air systems, 11-4 to

11-5
instrument and control air, 11-4
medical air, 11-4

Specifications, 4-18 to 4-19
Sprinkler system detection and indicating

devices and fittings, 8-12 to 8-18
supervisory alarm initiating devices,

8-15 to 8-18
water-flow actuated detectors, 8-12

to 8-15
Storm drainage systems, 7-9 to 7-10

installation considerations, 7-9
sizing building storm drains, 7-9 to

7-10
sizing site storm sewers, 7-10

Surface water development, 9-7 to 9-10
System classification, compressed air,

11-1 to 11-2
high-pressure systems, 11-2
low-pressure systems, 11-2
medium-pressure systems, 11-2

T
Treatment of CBR contamination, 9-21

to 9-27
Troubleshooting hermetic electrical

systems, 14-27 to 14-29
Types of corrosion, 7-20 to 7-23

bacterial organisms, 7-23
compositional, 7-22
corrosion caused by electrolytes,

7-23
corrosion caused by non-

electrolytes, 7-22 to 7-23
localized, 7-20 to 7-22
stress fatigue of metals, 7-22
uniform, 7-20

Types of duct systems, 13-3 to 13-6
Types of sprinklers, 8-9 to 8-12

combined, 8-9
dry pipe, 8-2 to 8-7
pre-action, 8-8 to 8-9
types of sprinkler systems, 8-2 to 8-9
water deluge, 8-7 to 8-8
wet pipe, 8-1

V
Ventilation systems, 13-16 to 13-18

mechanical, 13-18
natural, 13-17 to 13-18

W
Wastewater composition, 10-3
Water and ground pollution, 16-1 to 16-2
Water source selection, 9-1 to 9-6

source quantity, 9-1 to 9-5
source quality, 9-5 to 9-6
source reliability, 9-6

Water supply requirements, 8-18
Water supply systems, 7-10 to 7-19

piping and fitting general
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requirements, 7-17 to 7-19
sizing cold-water supply systems,

7-11
sizing hot-water supply systems, 7-11

to 7-17
Water treatment and purification, 9-1 to

9-33
alternative water sources, 9-13 to

9-14
chemical characteristics of water,

9-16 to 9-19
chemical, biological, and

radiological (CBR)
contamination, 9-19 to 9-21

chemical contamination, 9-20
development of water sources, 9-7

to 9-14
disinfection, 9-30 to 9-32
dissolved gases, 9-18 to 9-19
distillation, 9-24 to 9-27
emergency treatment methods, 9-32

to 9-33
filtration, 9-27 to 9-30
groundwater development, 9-10 to

9-13

hardness, 9-16 to 9-18
installation, 9-27
physical impurities, 9-14 to 9-16
radiological contamination, 9-21
reverse osmosis, 9-26 to 9-26A
source quality, 9-5 to 9-6
source quantity, 9-1 to 9-5
source reliability, 9-6
surface water development, 9-7 to

9-10
theory of operation, 9-25 to 9-27
treatment of CBR contamination,

9-21 to 9-27
water treatment equipment, 9-23 to

9-33
water contamination, 9-14 to 9-25
water source selection, 9-1 to 9-6

Water treatment equipment, 9-25 to 9-33
disinfection, 9-30 to 9-32
distillation, 9-23 to 9-25
installation, 9-25
theory of operation, 9-25 to 9-27
emergency treatment , 9-32 to 9-33
filtration, 9-27 to 9-30
reverse osmosis, 9-26 to 9-26A

Wiring diagrams, 4-7 to 4-8
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